ABSTRACT Large changes occur in the ascorbate system during the development of Vicia faba seed and these appear closely related to what are generally considered to be the three stages of embryogenesis. During the first stage, characterized by embryonic cells with high mitotic activity, the ascorbic acid/dehydroascorbic acid ratio is about 7, whereas in the following stage, characterized by rapid cell elongation (stage 2), it is lower than 1. The different ascorbic/dehydroascorbic ratio may be correlated with the level of ascorbate free radical reductase activity, which is high in stage 1 and lower in stage 2. Ascorbate peroxidase activity is high and remains constant throughout stages 1 and 2, but it decreases when the water content of the seed begins to decline (stage 3). In the dry seed, the enzyme disappears together with ascorbic acid. Ascorbate peroxidase activity is observed to be 10 times higher than that of catalase, suggesting that ascorbate peroxidase, rather than catalase, is utilized in scavenging the H202 produced in the cell metabolism. There is no ascorbate oxidase in the seed of V. faba. V. faba seeds acquire the capability to synthesize ascorbic acid only after 30 days from anthesis, i.e. shortly before the onset of seed desiccation. This suggests that (a) the young seed is fumished with ascorbic acid by the parent plant throughout the period of intense growth, and (b) it is necessary for the seed to be endowed with the ascorbic acid biosynthetic system before entering the resting state so that the seed can promptiy synthesize the ascorbic acid needed to reestablish metabolic activity when germination starts.
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In a previous paper (7), we reported that dry seeds of Vicia faba L. are devoid of AA2 and contain only a small amount of DHA. On the other hand, in the extensive literature on the subject (16) , it is reported that, before desiccation, seeds of V. faba contain a large amount of AA. Because these data regard two distinct periods of seed development, it seems possible that changes occur in the AA system when the desiccation period starts and the seed enters the resting state. Thus, the aim of the present paper is to analyze the AA system during the main developmental stages of V. faba seeds.
MATERIALS AND METHODS Plant Material
Plants of Vicia faba L. var 
AA Biosynthesis
This was estimated by incubating seeds in 5 mM GL, the last precursor in the AA biosynthetic pathway (15) . After 6 h incubation, the seeds were ground in 5% metaphosphoric acid and the AA formed by GL oxidation was determined.
AA and DHA Assays Seeds were ground in 5% metaphosphoric acid at 4°C to prevent the conversion of DHA to 2,3-diketogulonic acid; in this condition, AA is stable for several hours. The homogenate was centrifuged at l0,OOOg and the supernatant was then used. AA was measured at 265 nm by following the decrease in absorbance induced by adding purified ascorbate oxidase according to the method reported in Liso et al. (13) . DHA was determined according to the Roe and Oesterling method (18) .
Dry Weight Determination
The preweighed fresh samples were dried in an oven at 90 ± 1°C until a constant dry weight was obtained.
RESULTS
In plants of V. faba var Aprilia grown in a field under insect-proof net, in the climatic conditions of springtime of southern Italy, the seeds develop until maturity in about 80 d from anthesis (19) . The results obtained from analyses carried out in developing seeds demonstrate that 40 d after anthesis, when the seed attains maximum length (3 cm) and maximum fresh weight (3.6 g), the total ascorbate content (AA + DHA) is also at maximum level (14 4,mol/seed); during the following 40 d, simultaneously with the desiccation process (at the end of which the seed weighs 1.81 g), total ascorbate content gradually decreases to a final value of 1.5 umol/seed. AA and DHA contents per seed, as well as the dry weight/ fresh weight ratio, as analyzed during seed development, are reported in Figure 1 . Both AA and DHA gradually increase during the first 40 d after anthesis; however, their rates of change are quite different: during the first 18 At the beginning of the desiccation period (stage 3 of embryogenesis), marked by an abrupt increment of the dry weight/fresh weight ratio, both AA and DHA decrease sharply. At the end of desiccation, only a small amount of DHA remains. It is worth noting that the AA/DHA ratio changes during the growth period of the seed. Throughout the first 18 d after anthesis, the AA/DHA ratio is very high (6-7), whereas immediately after, a rapid decline in the AA/DHA ratio is observed that could reflect the transition from stage 1 to stage 2 of the embryogenesis. During the progression of stage 2, there is a further shift of the AA/DHA ratio toward the oxidative state. Table I shows the data on the activity of the enzymes of the ascorbate system as analyzed during seed development. There is no AA oxidase in the seed, whereas AA peroxidase is present and exhibits very high activity that remains constant throughout the period of seed-size increase (stages 1 and 2), but when water content declines, the activity of the enzyme also decreases and, at the end ofdesiccation, no AA peroxidase is detectable in the seed.
To obtain information about the physiological role of AA peroxidase in removing the hydrogen peroxide, we have analyzed catalase activity present in developing seeds. During stages 1 and 2, the enzyme activity was about 50 nmol H202 min-' mg-' protein; during desiccation, the activity decreased and was 20 nmol H202 min-' mg-' protein in the dry seed.
AFR reductase and DHA reductase, enzymes that catalyze the respective reduction of AFR and DHA (compounds that arise from AA oxidation), are both functional in V. faba seed; however, the activity of AFR reductase is much higher than that of DHA reductase. AFR reductase activity appears high in the first stages of seed development, but it gradually decreases and, at the end of desiccation, it is about one-sixth of the initial activity. DHA reductase remains constant for a long period, but at the end of seed development its activity is very low.
AA biosynthesis was tested during seed development by evaluating the capability of the growing seed to oxidize GL into AA. The data in Table II show that until 30 d after anthesis the embryo of V. faba is not capable of synthesizing AA; the seed acquires the capacity of synthesizing AA just 10 d before the onset of desiccation.
DISCUSSION AND CONCLUSIONS
The results of this investigation show that large changes occur in the ascorbate system during the development of V. faba seed and these appear to be closely related to the stages of embryogenesis (17) .
During stage 1, characterized by cell division, the AA/DHA ratio is about 7, whereas in the following stage, characterized by rapid cell elongation growth, the AA/DHA ratio is very low. The sharp decrease in the AA/DHA ratio observed in the transition from stage 1 to stage 2 cannot be ascribed to a higher level of AA utilization during cell elongation growth with respect to cell division period. Both these stages largely utilize ascorbate. We previously reported that the meristematic cells of V. faba utilize about 4 gmol AA h-' g-' fresh weight (13) , and that when the AA content of actively proliferating cells is experimentally lowered with lycorine, a specific inhibitor ofAA biosynthesis (1, 8, 10) , the cell cycle is arrested in the GI phase (13) . Cell expansion also requires ascorbate: we recently reported that prolyl hydroxylase, an enzyme strongly involved in the control of expansion growth (12) , specifically utilizes ascorbate in vivo for the hydroxylation of the proline present in polypeptide chains (9) . However, the amount of AA utilized during cell expansion is always sevento tenfold lower than meristematic cells (1, 10) .
Another reason for ruling out a major utilization of AA during cell elongation growth compared with that during cell division is the unchanged activity of AA peroxidase in stages 1 and 2 of V. faba development (see Table I ). The different AA/DHA ratio can be correlated with the level of AFR reductase activity in the cells. To understand how AFR re- ductase activity affects the amount of DHA in the cell, it is appropriate to consider the mechanism of DHA formation. It is well known that cell metabolism utilizes AA as an electron donor and that AA oxidation by AA oxidase or peroxidase is a two-step reaction in which each step removes one electron (23) . The first AA oxidation product is a semiquinone-like free radical, i.e. AFR. AFR can be reconverted to AA by AFR reductase (2AFR + NAD(P)H --2AA + NAD(P)+) (4) or spontaneously undergoes disproportionation (2AFR -. AA + DHA), thus generating DHA (4, 23). It appears clear that when AFR reductase activity is high, a large quantity of AFR is reduced to AA and a small amount of AFR remains available for disproportionation; conversely, when AFR reductase is low, a smaller amount of AFR is reconverted to AA and most of the AFR undergoes disproportionation, generating DHA in large quantities. According to these findings, it is possible to explain why DHA content is low with respect to that of AA in meristematic cells, which are endowed with a high AFR reductase activity. However, DHA content is high in cells undergoing cell elongation growth and that have lower AFR reductase activity (see Table I ).
Another point that should be mentioned concerns the behavior of AA peroxidase during the developmental stages of the seed. The activity of this enzyme is high (480 nmol The synthesis of ascorbate can actually be detected within the first hours of seed imbibition (7, 22) . The early availability of AA is necessary to meet the large demands for AA by the restored cell metabolism and because AA is, in some way, required to elicit AA peroxidase (22) .
Although the precise role played by ascorbate in the elicitation of AA peroxidase remains to be determined, it is clear that AA is the specific electron donor for the enzyme. Therefore, if the germinating seed were not able to synthesize ascorbate, the AA peroxidase could not function and, consequently, the hydrogen peroxide produced in the restored oxidative metabolism could not be efficiently removed.
